Name: __________________

Chemical Equilibrium
Unit 10

( t h r e e c la s s p e r i o ds )

Unit 10.1: Collision Theory & Potential Energy Diagrams
1) Collision theory -- Reactions only occur if reactants collide with enough
energy & in the correct orientation
a) Reactions that produce products are known as fruitful collision
b) The energy they need to have when they collide is known as the
activation energy. It an amount of energy needed to overcome
their intramolecular attraction to convert shift those attractions to
another atom or groups of atoms
2) The rate of fruitful can be seen if we graph the concentration of each species of a reaction.
a) The rate of a reaction is how quickly the molarity (𝑚𝑜𝑙⁄𝐿) of reactants, or
𝑚𝑜𝑙
products, changes over time. Therefore its units are: 𝑀⁄𝑠𝑒𝑐 or

Products
Because they are appearing

𝐿∗𝑠𝑒𝑐

b) The rate of a reaction can only be determined experimentally, and in second year
Reactants
Because they are being used up
chemistry (AP Chemistry) we will do just that. For now, just know that it is
possible to change the rate of a reaction a couple of ways
3) How to speed up a chemical reaction
a) Increase the concentration of the particles – the more particles you have in the reaction container the more
likely they are to collide with sufficient energy and in the correct orientation to produce a product
b) Increase the amount of particles – the more particles you have in the reaction container the more likely they
are to collide with sufficient energy and in the correct orientation to produce a product
c) Speed up the particles of the reaction – by increasing the speed of the particles you increase the number of
them that have sufficient energy when they collide to overcome their activation energy
i) Heat ‘em up, speed ‘em up
ii) Generally, every 10oC increase in temperature doubles the rate of the reactions
d) Break up clumps to increase surface area – when particles are clumped together, they insulate particles on the
inside from colliding. By breaking solids up, you allow more locations for collisions to occur
e) Add a catalyst – catalysts lower the activation energy of a reaction, thus allowing more collisions to overcome
this obstacle
4) Enthalpy (H)
a) The potential energy stored in a substances bonds, we sometimes refer to it as heat
b) However, it is always a massive number, therefore we focus on the change in this value
c) For a reaction to occur, the bonds holding the reactants together must
be broken before the bonds of a product can form.
i) When bonds break energy must be absorbed
ii) When bonds are formed energy is released
d) The change in enthalpy between your reactants and products is known
as the heat, or enthalpy, of the reaction
e) When energy is absorbed the reaction is said to be endothermic
f) When energy is released the reaction is said to be exothermic

5) Potential energy diagrams
a) Graphical representation of the enthalpy of a reaction as it proceeds
b) Shows the enthalpy of the reaction (Hrxn), and can be calculated as products – reactants
c) Reactants are always on the left and products are always on the left
d) A catalyst lowers the activation energy by either providing an additional lower energy pathway or by orienting
the reactants

Unit 10.2: Le Châtelier's principle & Equilibrium Expressions (Keq)
1) Equilibrium
a) Most reactions are reversible, thus reactants form from products just as reactants form products
b) When the rate of the forward reaction equals the rate of the reverse reaction
c) Reactants still forms products, but products also form reactants at the same rate
2) Henry Louis Le Châtelier (1850 – 1936)
a) French Chemist who trained as an engineer, but chose to teach chemistry.
b) Had a great interest in industrial engineering, particularly the formation of ammonia as a fertilizer
c) In 1901 he attempted to create ammonia from H2 and N2 gas at a high temperature and pressure
d) Explosion due to the presence of excess air nearly killed an assistant, he abandoned the project. It was
eventually perfected by Haber
e) The explosion could have been avoided had he known what
we now know about chemical equilibrium
3) Le Châtelier’s Principle
a) A system at equilibrium will stay at equilibrium
b) Anything the accelerates the forward or reverse reaction is
known as a stress
i) Adding reactants – there will be more collisions
between those reactants and thus more products will
be produced.
ii) Adding products – there will be more collisions between those products producing more reactants
iii) Removing reactants – products will be able to collide more frequently, as there are less reactants “in the
way.” Thus more reactants are produced
iv) Removing products – reactants will be able to collide more frequently, as there are less products “in the
way.” Thus more products are produced

v) Heating up an endothermic reaction (+H) – in endothermic reactions the reactants require more energy to
overcome activation energy, thus providing this energy increases the number of reactant collisions the can
produce a product, thus reactants are consumed and products are produced.
vi) Heating an exothermic reaction (-H) – in exothermic processes the products require more energy to
overcome activation energy, thus the added energy allows more product/product collisions to be fruitful
and the concentration of reactants increases.
vii) Cooling endo/exothermic reactions – the opposite of the above
viii) Increasing pressure/decreasing volume of a gas phase reactions – increased pressure causes gases behave
less ideal and causes their concentration to increase, thus collisions become more frequent. Increased
pressure causes the reaction to favor the side of the reaction with LESS moles of gas
ix) Decreasing pressure/increasing volume of a gas phase reactions – Decreased pressure causes gases behave
more ideal and causes their concentration to decrease, thus collisions become less frequent. Decreased
pressure causes the reaction to favor the side of the reaction with MORE moles of gas
Example 1:

N2 (g) + 3 H2 (g)  2NH3 (g) + 92
a.) What would happen if more N2 (g) was added?

b.) What would happen if NH3 (g) was added?

c.) What would happen if NH3 (g) was removed?

d.) What would happen if H2 (g) was removed?

e.) What would happen if the reaction was heated?

f.) What would happen if the reaction was cooled?

𝐾𝐽⁄
𝑚𝑜𝑙

Example 1:

N2 (g) + 3 H2 (g)  2NH3 (g) + 92

𝐾𝐽⁄
𝑚𝑜𝑙

g.) What would happen if the pressure increased (volume decreases)?

h.) What would happen if the pressure decreased?

4) Equilibrium position (K)
a) Whether the reaction lies far to the right (favors products) or to the left (favors reactants) depends on three
main factors:
i) Initial concentrations (more collisions—faster reaction)
ii) Relative energies of reactants and products, enthalpy H (nature goes to minimum energy)
iii) Degree of organization of reactants and products, entropy S (nature goes to maximum disorder)
b) The significance of equilibrium position
i) K > 1 means that the reaction favors the products at equilibrium
ii) K < 1 means that the reaction favors the reactants at equilibrium
c) The equilibrium expression: A general description of the equilibrium condition proposed by Gudberg and Waage
in 1864 is known as the Law of Mass Action. Equilibrium is temperature dependent, however, it does not change
with concentration or pressure. It is a mathematical representation of the ratio of products to reactants at a
given temperature for a reaction

i) The product concentrations appear in the numerator and the reactant concentrations in the denominator.
ii) Each concentration is raised to the power of its stoichiometric coefficient in the balanced equation.
d) USING EQUILIBRIUM CONSTANT EXPRESSIONS
i) Pure solids--do not appear in expression
ii) Pure liquids--do not appear in expression—H2O(l) is pure, so leave it out of the calculation
iii) This is because their concentrations are so MASSIVE that they won’t change any measurable amount. We
use equilibrium expression to exam the ratio of products to reactants for aqueous (aq) and gas (g)
equilibrium ONLY

Example 2:
Write the equilibrium expression for:
ZnCl2(s)  Zn2+(aq) + 2 Cl-(aq)
What is the value of the equilibrium constant (K) if at equilibrium the concentrations are as follows:


ZnCl2 90M



Zn2+ 0.09M



Cl- 0.045M

Equilibrium Constant
- Practice Problems for Assignment 5
1. Consider the following reaction
2 SO2 (g) + O2 (g)

2 SO3 (g)

Write the equilibrium expression, Kc.
2. Consider the following reaction
CaCO3 (s)

CaO (s) + O2 (g)

Write the equilibrium expression, Kc.
3. Consider the following reaction
2 SO2 (g) + O2 (g)

2 SO3 (g)

Write the equilibrium expression, Kp.
4. Consider the following reaction
H2O (g) + C (s)

H2 (g) + CO (g)

Write the equilibrium expression, Kp.
5. Consider the decomposition of nitrous oxide, laughing gas,
2N2O (g)

2 N2 (g) + O2 (g)

At 25oC, Kc is 7.3 x 1034.
(a) Based on the information given, what can you say about the rate of
decomposition of the reaction?
(b) Based on the information given, does nitrous oxide have a tendency to
decompose into nitrogen and oxygen?
(c) What is the value of Kp for the reaction at 25oC?
6. Consider the following reaction
CO2 (g) + H2 (g)

CO (g) + H2O (g)

Calculate the value of the equilibrium constant, Kc , for the above system, if
0.1908 moles of CO2, 0.0908 moles of H2, 0.0092 moles of CO, and 0.0092 moles
of H2O vapour were present in a 2.00 L reaction vessel at equilibrium.
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